Introduction
The usage of MBS programs for the computation of complex dynamically loaded structures is the current state-of-the-art. Besides the classical modelling as rigid structures the usage of flexible bodies in MBS continuously increases. The background is given by modal reduced finite element formulations. Due to the increasing complexity of loads and the resulting necessity of high modelling depth, coupling effects between the mechanical displacement field and other field problems (e. g. temperature field) cannot be neglected anymore.
Elastic Multibody-Systems
The implementation of elastic bodies in MBS in general take place by importing FE-structures. Because of different description methods (MBS have only a couple degrees of freedom while FE-structures have sometimes a several thousand degrees of freedom) a reduction is necessary just because of computation time issues.The determination of the displacement field of the flexible body can be formulated as superposition of the small elastic deformation and the large nonlinear reference motion. The usual reduction method is given by modal decomposition, wherein the choice of eigenmodes, which are used to describe the elastic deformation, is the critical step. Because of manageability and the preliminary constriction of eigenmodes, additional reduction methods are applied (e.g. GUYAN, IRS, CRAIG-BAMPTON, SEREP). This leads under the constriction of appropriate approaches for damping issues to completly decoupled equations of motion for each degree of freedom.
An enhancement of the eigenmodes can be achieved by so called Frequency Response Modes (FRM). Because of the inadequacy of eigenmodes to represent local deformation, FRMs can be computed by known load case as additional eigenmodes, which provides the resulting local deformation well. That is the purchase for the thermal approach. Under specified load and load frequency the displacements u p k can be computed
and added to the modal matrix
Herein u r are the rigid body modes of translation and rotation, u h are the elastic eigenmodes and u p are the FRMs. The addition of the FRMs to the modal matrix leads to coupling terms between the the FRMs and the elastic and rigid eigenmodes after the modal decomposition. Furthermore the FRMs are not orthogonal with respect to each other.
The decoupling is performed by some transformations (a residual transformation and the solution of a reduced eigenvalue problem [4] ). Therewith it is possible to describe the local deformation well depending on loads.
PAMM header will be provided by the publisher
Thermal states
Equation (5) contains the thermoelastic equation of motion in a highly decoupled form.
The thermal problem is completely separated and can be solve without any influence from the mechanical system. Following the argumentation of the mechanical degrees of freedom a reduction is also necessary for the thermal states. An eigenvalue solution
leads to thermal eigenmodes and enables a modal reduction. After the solution of the thermal problem the coupling term in the elastic equation of motion can be treated as an additional load and the mechanical system can be solved. Unfortunately the mechanical eigenmodes are not well suited to represent the deformation due to thermal loads. For that reason the purchase of the thermal approach is to use the thermal eigenmodes, which do represent the behaviour of the thermal system, as input for the computation of FRMs. The loads are calculated by multiplication of the thermoelastic coupling matrix and the thermal eigenmodes.
Example and Conclusion
The model shows a stylised bearing chair for fluid bearings. For simulation of the bearing friction a heat flux was used corresponding to 100W on the inner area and convection was considered on the outer areas. The unreduced model has about 1500 mechanical degrees of freedom and about 500 thermal states. The deformation of one characterized point in z-direction as result of the thermal load is shown. It can be seen that the usage of thermal eigenmodes is well suited to represent the mechanical behavior. Furthermore a reference solution was made with the first 40 purely mechanical eigenmodes. The results computed by usage of purely mechanical eigenmodes show comparable less correlation with the unreduced model, while the solution with the thermal eigenmodes is nearly coincident.
